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Introduction
Epidural arteriovenous fistulas (AVFs) account for approximately 1.6% of all spinal arteriovenous malformations (AVMs). Fifty-eight percent of epidural AVFs involve the cervical region mostly in young patients. They are usually asymptomatic; myelopathy and radiculopathy may occur in case of mass effect by dilated internal vertebral venous plexus. 1 The final diagnosis of AVF is obtained by means of digital subtraction angiography (DSA). However, since catheter angiography is invasive with a 1% complication rate 2,3 and exposes patients both to radiation and iodinated contrast agents, 4 it should be reserved only for those patients in whom the diagnosis is highly suspected. Computed tomography angiography (CTA) and magnetic resonance angiography (MRA) are noninvasive alternative diagnostic tools but unable to assess the temporal hemodynamic characteristics of AVFs. This limit can be overcome using time-resolved imaging of contrast kinetics (TRICKS) MRA. This is a new contrast-enhanced MRA technique able to acquire multiple three-dimensional (3D) volumes during the passage of contrast material and thus able to assess the dynamic filling of arteries and veins. [5] [6] [7] [8] In this report, we describe the use of time-resolved MRA in the diagnosis of cervical epidural AVF before final diagnosis and embolization was achieved by DSA.
Case report
A 42-year-old woman was referred to us because of headache and dizziness, in addition to radiculopathy of the right superior limb. A car accident with multiple facial fractures was reported 10 years before.
A conventional MR examination (Magnet 1.5T; Signa Excite HD; GE Healthcare, Milwaukee, WI, USA) on the cervical spine was performed. The exam showed no significant degenerative disc condition, but the presence of right venous epidural plexus enlargement on T2-weighted images, with compression on the anterior subarachnoid space, was noted. Enlargement of the right vertebral artery was evident as well ( Figure 1 (a)-(c)). Because of this, TRICKS MRA was performed.
The 3D TRICKS parameters were as follows: repetition time/echo time, 5.4/1.8 ms; flip angle, 45 degrees; field of view (FOV), 28 cm; matrix, 3203 Â 192 pixels; slice thickness, 1.2 mm; and bandwidth, 41.67 MHz. A slab of 36 partitions was oriented on the coronal plane to cover all epi-aortic vessels. The temporal resolution was 10 s for each phase and a total of eight phases were acquired within 1 minute and 20 seconds. Paramagnetic contrast agent (0.5 mmol/kg, 4 ml/sec) was administered at the same time of the sequence beginning.
In the arterial acquisition phase, the supra-aortic vessels and the right cervical epidural venous plexus and jugular vein were visible at the same time (Figure 1 (i)-(iii)). This suggested the presence of a high-flow fistula. On volumetric T1 magnetization-prepared rapid acquisition gradient echo (MPRAGE) images, obtained after gadolinium injection, a flow void was evident in the suspected point of fistula located inside the C2-C3 right foramen (Figure 1, (d 
DSA confirmed a direct high-flow AVF between the right vertebral artery and the cervical epidural venous plexus (Figure 1 , (iv)-(vi)). The point of fistula was located in the upper third of the cervical segment, below the C2 arch.
The intention-to-treat was to perform an endovascular trapping of the fistulous segment of the right vertebral artery (occlusion of proximal and distal segment of the artery). The choice of this technique was to avoid the distal flow-related migration of coils detached at the level of the breach. The occlusion of the vertebral artery below the point of fistula was performed with a balloon-assisted coiling of the right vertebral artery: a Hyperglide balloon 7 Â 7 was placed proximally to the point of fistula, at the level of the C3 vertebral body and coiling was performed using a Echelon10 (Covidien, Irvine, CA, USA) microcatheter to deliver six coils (Axium, Covidien, Irvine, CA, USA) within the breach and to inject 2 ml of Onyx (Covidien, Irvine, CA, USA), in 15 minutes, within the cast of coils. The distal occlusion of the right vertebral artery above the breach was performed through the left vertebral artery by delivering one further coil and injecting 1 ml of Onyx. At the end of the procedure, the right direct vertebrovertebral fistula was completely occluded and patient was discharged without neurological deficits.
One month later, magnetic resonance imaging (MRI) and MRA with TRICKS confirmed the occlusion of the fistula (Figure 1 , (vii)-(ix)).
Discussion
Our case reports the rare condition of a cervical epidural AVF (30 cases described in the literature 1 ), likely post-traumatic, diagnosed using conventional MRI and TRICKS MRA and treated by occlusion of the vertebral artery.
Epidural AVFs are more often asymptomatic but can lead to tinnitus, vertigo or spinal cord and radicular dysfunctions. 9 Two previous reports described a cervical epidural AVF with radiculopathy, 1,9 as in our case; radiculopathy results from direct compression of the nerve roots caused by dilated draining veins and the venous plexus in the neural foramina. We demonstrated that TRICKS MRA could provide useful information for the diagnosis of spine AVFs. The identification of the dynamic characteristics of AVF, using TRICKS MRA, is superior to conventional MRA or MRI. TRICKS MRA uses an algorithm that improves temporal resolution, although spatial resolution is decreased. The improvement of temporal resolution enables clear separation of arterial inflow from venous drainage, enabling the acquisition of images in arterial and venous phases. 10 In our patient, the simultaneous enhancement of the venous plexus and supra-aortic vessels in the early arterial phase supported the hypothesis of cervical AVF, subsequently confirmed by DSA.
Previous investigations described a good interobserver agreement when comparing TRICKS to DSA, although there is no evidence that TRICKS can replace DSA. 11 Some studies focused their attention on arteriovenous malformations (AVMs), [12] [13] [14] suggesting good results studying dural AVM or AVF, although the authors reported low spatial resolution and vessel superposition. Concerning spinal vascular malformations, Saindane et al. 15 assessed that contrastenhanced-time-resolved (CE-TR) MRA of the spine is reliable for the evaluation of suspected AVF, with high concordance with DSA.
In our opinion, based on this experience, TRICKS MRA might add important information in case of suspected AVF, helpful both for therapeutic decisions and follow-up. We encourage the use of sequences like TRICKS MRA as part of routine MRI protocol for suspected spinal vascular malformations, with the aim of avoiding unnecessary DSA and for follow-up evaluation.
